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COAL MINE ADVANCED DETECTION
METHOD FOR HEADING MACHINE

RELATED APPLICATIONS

The present application 1s a U.S. National Phase of
International Application Number PCT/CN2020/0792358,
filed Mar. 13, 2020, and claims the priority of Chinese
Application No. 201911301327.7, filed Dec. 17, 2019.

FIELD OF THE INVENTION

The present invention relates to the technical field of coal
mine detection, more particularly relates to a coal mine
advanced detection method for a heading machine.

DESCRIPTION OF RELATED ART

With the continuous improvement of safety requirements
of coal mining, 1t 1s very important to obtain information
such as a coal seam structure 1n advance during coal mining.
The special geology such as a water-bearing structure, a
fault and a fractured zone 1n the coal seam easily causes coal
mine accidents such as collapse and water permeability
during miming. Therefore, there 1s a need for safe and
reliable advanced detection equipment and methods to pre-
dict the coal seam information of the coal mine and avoid
casualties and equipment damage.

When the structure or water content 1n the coal seam 1s
abnormal, the resistivity of the coal seam also accordingly
changes. The condition of the coal seam can be effectively
known through the stray current passing through the coal
seam. Piezoelectric ceramics and optical fiber sensing, hav-
ing strong anti-clectromagnetic interference capability and
high sensitivity, can fast and accurately transmit informa-
tion, providing a guarantee for safe mining of the coal mine.

Traditional advanced detection methods mainly include
geological exploration and physical exploration. The geo-
logical exploration 1s labor-consuming. Technologies such
as acoustic emission and geological radar used in physical
exploration easily suller from electromagnetic interference,
and the cost 1s higher.

SUMMARY OF THE INVENTION

Technical Problem

An objective of the present invention 1s to provide a coal
mine advanced detection method for a heading machine. The
advanced detection of a coal mine can be realized, and
additionally, the cost 1s lower.

Technical Solution

In order to achieve the above objective, the present
invention adopts the following technical solution: According
to the coal mine advanced detection method for the heading
machine, a used detection device includes an optical path
module and a circuit module. The optical path module
includes a broadband light source, a circulator, a sensing
optical fiber, a reflector and a photoelectric detector. The
circuit module includes a current excitation source, a pi1ezo-
electric ceramic, a transition resistor, a backtflow net and a
movable cutting pick. The broadband light source 1s con-
nected with a first port of the circulator. A second port of the
circulator 1s connected with the reflector through the sensing
optical fiber. A third port of the circulator 1s connected with
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the photoelectric detector. A negative electrode of the current
excitation source 1s separately connected with a first elec-
trode of the piezoelectric ceramic and a first interface of the
transition resistor. A positive electrode of the current exci-
tation source 1s connected with the movable cutting pick.
The piezoelectric ceramic 1s formed by overlapping a {first
piezoelectric ceramic piece and a second piezoelectric
ceramic piece 1n the same polarization direction. The sens-
ing optical fiber passes through a gap between the first
piezoelectric ceramic piece and the second piezoelectric
ceramic piece, and 1s tightly pressed. A second electrode of
the piezoelectric ceramic 1s separately connected with a
second interface of the transition resistor and the backilow
net. The broadband light source, the circulator and the
photoelectric detector are encapsulated in a main control
chamber of the heading machine together. The sensing
optical fiber 1s connected to a cutting part of the heading
machine from the main control chamber. The current exci-
tation source 1s positioned in the main control chamber of
the heading machine. The piezoelectric ceramic 1s fixedly
disposed in the cutting part of the heading machine through
a support frame. The backtlow net 1s distributed on the 1nner
wall of the cutting part. The movable cutting pick 1s fixed to
a head part of the cutting part through tensioned screw bolts.
An msulation gasket 1s disposed between the tensioned
screw bolts and the cutting part.

The detection method 1ncludes the following steps:

A, enabling output light of the broadband light source to
enter the circulator from the first port, forming linearly
polarized light 1n a transmaission light path from the first port
to the second port, and outputting the linearly polarized light
from the second port; enabling the linearly polarized light
output from the second port to reach the retlector through th
sensing optical fiber, and to return to the sensing optical fiber
alter being retlected by the reflector; enabling the linearly
polarized light in the sensing optical fiber to enter the
circulator through the second port, and outputting the lin-
carly polarized light from the third port; enabling the lin-
carly polarized light output from the third port to enter the
photoelectric detector; and obtaining phase information of
light after photoelectric conversion;

B, when the heading machine tunnels, enabling a current
output by the current excitation source from the positive
clectrode to enter a coal seam through the movable cutting
pick to form a stray current; enabling the stray current
collected by the backilow net through a wall of the cutting
part to return to the negative electrode of the current
excitation source through the transition resistor; generating
a certain voltage difference carrying coal seam water content
information across the transition resistor;

C, enabling the voltage across the transition resistor to act
on the two electrodes of the piezoelectric ceramic to form an
clectric field, so as to deform the first piezoelectric ceramic
piece and the second piezoelectric ceramic piece under the
eflect of the electric field, and at the same time, extrude the
sensing optical fiber positioned between the first piezoelec-
tric ceramic piece and the second piezoelectric ceramic
piece; and

D, after the sensing optical fiber 1s extruded, enabling a
phase difference of the linearly polarized light to change
under the effect of stress, finally obtaining the coal seam
water content information 1n the photoelectric detector
through photoelectric conversion, and realizing advanced
detection.

Preferably, the transmission light path between the first
port and the second port of the circulator 1s umdirectional,
and the transmission light path has an extinction ratio of




US 11,099,146 Bl

3

being =32 dB. A transmission light path between the second
port and the third port of the circulator 1s umidirectional, and

the transmission light path has an extinction ratio of being
=32 dB.

Preferably, the part of the sensing optical fiber extruded
by the piezoelectric ceramic 1s a Panda polarization-holding,
optical fiber, and other parts are rotating high birefringence
optical fibers insensitive to vibration.

Preferably, the current excitation source 1s a direct current
constant voltage power supply having a positive electrode
potential of 30 V and a negative electrode potential of 0 V.

Preferably, the piezoelectric ceramic 1s a polarized barium
titanate piezoelectric ceramic, a polarization direction 1s a
direction vertical to a combination surface of the first
piezoelectric ceramic piece and the second piezoelectric
ceramic piece. Additionally, a certain prestress 1s applied to
two end surfaces of the first electrode and the second
clectrode of the piezoelectric ceramic.

Preferably, the transition resistor has a resistance value of
being =500 Ohm.

Advantageous Effect

Compared with the prior art, the present invention has the
tollowing advantageous ellects:

The present invention forms a coal mine advanced detec-
tion device for a heading machine by combining optical
devices with electric devices, and realizes the advanced
detection of the coal mine. By detecting the stray current in
the coal seam, information such as the water content of the
coal seam can be obtained. The electricity and strain con-
version 1s realized by using the inverse piezoelectric eflect
of the piezoelectric ceramic. Then, the conversion of the
strain and the optical phase information 1s realized by using
the sensitivity of the optical fiber sensing to the stress. The
present invention has the advantages of strong anti-electro-
magnetic mterference capability and simple structure.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram of integral arrangement of
a detection device used by the present invention.

FIG. 2 1s a connection principle diagram of the detection
device used by the present invention.

In the figures, 1 denotes a broadband light source; 2
denotes an optical fiber circulator; 21 denotes a first port; 22
denotes a second port; 23 denotes a third port; 3 denotes a
sensing optical fiber; 4 denotes a reflector; 5 denotes a
photoelectric detector; 6 denotes a current excitation source;
61 denotes a negative electrode; 62 denotes a positive
clectrode; 7 denotes a piezoelectric ceramic; 71 denotes a
first piezoelectric ceramic piece; 72 denotes a second piezo-
clectric ceramic piece; 711 denotes a first electrode; 712
denotes a second electrode; 8 denotes a transition resistor:
81 denotes a first interface; 82 denotes a second interface; 9
denotes a backtlow net; 10 denotes a movable cutting pick;
and 11 denotes a cutting part.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

The present invention will be described 1n detail below
with reference to the accompanying drawings and specific
embodiments.

The present mmvention provides a coal mine advanced
detection method for a heading machine. A used detection
device includes an optical path module and a circuit module.
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As shown in FIG. 1 and FIG. 2, the optical path module
includes a broadband light source 1, a circulator 2, a sensing
optical fiber 3, a reflector 4 and a photoelectric detector 5.
The circuit module includes a current excitation source 6, a
piezoelectric ceramic 7, a transition resistor 8, a backflow
net 9 and a movable cutting pick 10.

The broadband light source 1 1s connected with a first port
21 of the circulator 2. A second port 22 of the circulator 2
1s connected with the retlector 4 through the sensing optical
fiber 3. A third port 23 of the circulator 2 1s connected with
the photoelectric detector 5. A negative electrode 61 of the
current excitation source 6 1s separately connected with a
first electrode 711 of the piezoelectric ceramic 7 and a first
interface 81 of the transition resistor 8. A positive electrode
62 of the current excitation source 6 1s connected with the
movable cutting pick 10. The piezoelectric ceramic 7 1s
formed by overlapping a first piezoelectric ceramic piece 71
and a second piezoelectric ceramic piece 72 in the same
polarization direction. The sensing optical fiber 3 passes
through a gap between the piezoelectric ceramic piece 71
and the second piezoelectric ceramic piece 72, and 1s tightly
pressed. A second electrode 712 of the piezoelectric ceramic
7 1s separately connected with a second interface 82 of the
transition resistor 8 and the backilow net 9.

The broadband light source 1, the circulator 2 and the
photoelectric detector 3 are encapsulated 1n a main control
chamber of the heading machine together. A transmission
light path between the first port 21 and the second port 22 of
the circulator 2 1s unidirectional, and the transmission light
path has an extinction ratio of being =32 dB. A transmission
light path between the second port 22 and the third port 23
of the circulator 2 1s unidirectional, and the transmission
light path has an extinction ratio of being =32 dB.

The sensing optical fiber 3 1s connected to the cutting part
11 of the heading machine from the main control chamber.
The part of the sensing optical fiber 3 extruded by the
piezoelectric ceramic 7 1s a Panda polarization-holding
optical fiber, and other parts are rotating high birefringence
optical fibers insensitive to vibration.

The retlector 4 1s fixedly disposed 1n the cutting part 11 of
the heading machine through a support frame.

The current excitation source 6 1s positioned in the main
control chamber of the heading machine. The current exci-
tation source 6 1s a direct current constant voltage power
supply having a positive electrode potential of 30 V and a
negative electrode potential of 0 V.

The piezoelectric ceramic 7 1s fixedly disposed in the
cutting part 11 of the heading machine through a support
frame. The piezoelectric ceramic 7 1s a polarized barium
titanate piezoelectric ceramic, and a polarization direction 1s
a direction vertical to a combination surface of the first
piezoelectric ceramic piece 71 and the second piezoelectric
ceramic piece 72. Additionally, a certain prestress 1s applied
to two end surfaces of the first electrode 711 and the second
clectrode 712 of the piezoelectric ceramic 7.

The transition resistor 8 1s disposed 1nside the cutting part
11 of the heading machine, and the transition resistor 8 has
a resistance value of being =500 Ohm.

The backflow net 9 1s distributed on an inner wall of the
cutting part 11, and 1s connected with the second electrode
712 of the piezoelectric ceramic 7 through a copper con-
ductor.

The movable cutting pick 10 1s positioned at the head part
of the cutting part 11, and 1s fixed onto the cutting part 11
through four tensioned screw bolts. An 1nsulation gasket 1s
disposed between the tensioned screw bolts and the cutting
part 11. For example, the movable cutting pick 10 and the
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cutting part 11 are 1solated by an 1nsulation rubber pad. The
movable cutting pick 10 1s connected with the positive
clectrode of the current excitation source 6 through a con-
ductor.

The detection method includes the following steps:

A: Output light of the broadband light source 1 enters the
circulator 2 from the first port 21. Linearly polarized light 1s
formed 1n the transmission light path from the first port 21
to the second port 22, and 1s output from the second port 22.
The linearly polarized light output from the second port 22
reaches the reflector 4 through the sensing optical fiber 3,
and returns to the sensing optical fiber 3 after being reflected
by the reflector 4. The linearly polarized light in the sensing
optical fiber 3 enters the circulator 2 through the second port
22, and 1s output from the third port 23. The linearly
polarized light output from the third port 23 enters the
photoelectric detector 5, and phase information of light 1s
obtained after photoelectric conversion.

B: When the heading machine tunnels, a current output by
the current excitation source 6 from the positive electrode 62
enters a coal seam through the movable cutting pick 10 to
form a stray current. The stray current collected by the
backtlow net 9 through a side wall of the cutting part 11
returns to the negative electrode 61 of the current excitation
source 6 through the transition resistor 8. A certain voltage
difference 1s generated across the transition resistor 8, and
the voltage diflerence carries the coal seam water content
information. Because the resistivity of the coal seam 1s
related to features such as the water content of the coal seam,
when mformation such as the water content of the coal seam
changes, the stray current and a potential difference across
the transition resistor also accordingly change, and the coal
seam water content information 1s converted into an electric
signal.

C: The voltage across the transition resistor 8 acts on the
two electrodes of the piezoelectric ceramic 7 to form an
clectric field, so as to deform the first piezoelectric ceramic
piece 71 and the second piezoelectric ceramic piece 72
under the effect of the electric field, and at the same time,
extrude the sensing optical fiber 3 positioned between the
first piezoelectric ceramic piece 71 and the second piezo-
clectric ceramic piece 72. When the potential difference
across the transition resistor 8 1s applied to two ends of the
piezoelectric ceramic 7, the piezoelectric ceramic 7 extends
or compresses, and the electric signal 1s converted into a
strain signal.

D: After the sensing optical fiber 3 1s extruded, a phase
difference of the linearly polarized light changes under the
ellect of stress. The phase change 1s as follows:

1s phase change. A, 1s the light wavelength. L 1s a length of
the optical fiber. n 1s a fiber core refractive index of the
sensing optical fiber. P_ 1s a photoelastic coeflicient. P 1s
stress. B 1s Young modulus. Finally, the coal seam water
content information 1s obtained 1n the photoelectric detector
5 through photoelectric conversion. The sensing optical fiber
3 1s extruded by the piezoelectric ceramic 7, and converts the
strain signal into the optical signal. The optical signal
reaches the photoelectric detector 5 through the sensing
optical fiber 3. The demodulated optical signal 1s analyzed to
obtain the coal seam water content information, so that the
advanced detection 1s realized.
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The foregoing descriptions are merely preferred embodi-
ments of the present invention, and are not intended to limit
the present invention in any form. All other embodiments
obtained by a person of ordinary skill in the art based on the
embodiments of the present invention without creative
cllorts shall fall within the protection scope of the present
invention. Any simple alteration or equivalent change made
to the above embodiments according to the technical essence
of the present invention shall fall within the scope of the
technical solutions of the present invention.

What 1s claimed 1s:

1. A coal mine advanced detection method for a heading
machine, wherein a used detection device comprises an
optical path module and a circuit module, the optical path
module comprises a broadband light source, a circulator, a
sensing optical fiber, a reflector and a photoelectric detector,
the circuit module comprises a current excitation source, a
piezoelectric ceramic, a transition resistor, a backtlow net
and a movable cutting pick, the broadband light source is
connected with a first port of the circulator, a second port of
the circulator 1s connected with the reflector through the
sensing optical fiber, a third port of the circulator 1s con-
nected with the photoelectric detector, a negative electrode
of the current excitation source 1s separately connected with
a first electrode of the piezoelectric ceramic and a first
interface of the transition resistor, a positive electrode of the
current excitation source 1s connected with the movable
cutting pick, the piezoelectric ceramic 1s formed by over-
lapping a first piezoelectric ceramic piece and a second
piezoelectric ceramic piece 1n the same polarization direc-
tion, the sensing optical fiber passes through a gap between
the first piezoelectric ceramic piece and the second piezo-
clectric ceramic piece, and 1s tightly pressed, a second

clectrode of the piezoelectric ceramic 1s separately con-
nected with a second interface of the transition resistor and
the backilow net, the broadband light source, the circulator
and the photoelectric detector are encapsulated in a main
control chamber of the heading machine together, the sens-
ing optical fiber 1s connected to a cutting part of the heading
machine from the main control chamber, the current exci-
tation source 1s positioned in the main control chamber of
the heading machine, the piezoelectric ceramic 1s fixedly
disposed 1n the cutting part of the heading machine through
a support frame, the backiflow net 1s distributed on the 1inner
wall of the cutting part, the movable cutting pick 1s fixed to
a head part of the cutting part through tensioned screw bolts,
and an 1nsulation gasket 1s disposed between the tensioned
screw bolts and the cutting part; and

the detection method comprises the following steps:

A, enabling output light of the broadband light source to
enter the circulator from the first port, forming linearly
polarized light 1n a transmission light path from the first
port to the second port, and outputting the linearly
polarized light from the second port; enabling the
linearly polarized light output from the second port to
reach the reflector through the sensing optical fiber, and
to return to the sensing optical fiber after being
reflected by the retlector; enabling the linearly polar-
ized light in the sensing optical fiber to enter the
circulator from the second port, and outputting the
linearly polarized light from the third port; enabling the
linearly polarized light output from the third port to
enter the photoelectric detector; and obtaining phase
information of light after photoelectric conversion;

B, when the heading machine tunnels, enabling a current
output by the current excitation source from the posi-
tive electrode to enter a coal seam through the movable
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cutting pick to form a stray current; enabling the stray
current collected by the backilow net through a side
wall of the cutting part to return to the negative
clectrode of the current excitation source through the
transition resistor; generating a certain voltage difler-
ence carrying coal seam water content information
across the transition resistor;

C, enabling the voltage across the transition resistor to

apply on the two electrodes of the piezoelectric ceramic
to form an electric field, so as to deform the first
piezoelectric ceramic piece and the second piezoelec-
tric ceramic piece under the eflect of the electric field,
and at the same time, extrude the sensing optical fiber
positioned between the first piezoelectric ceramic piece
and the second piezoelectric ceramic piece; and

D, after the sensing optical fiber 1s extruded, enabling a

phase difference of the linearly polarized light to
change under the eflect of stress, finally obtaining the
coal seam water content information in the photoelec-
tric detector through photoelectric conversion, and real-
1zing advanced detection.

2. The coal mine advanced detection method for the
heading machine according to claim 1, wherein the trans-
mission light path between the first port and the second port
of the circulator 1s unidirectional, and the transmission light
path has an extinction ratio of being =32 dB; and a trans-
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mission light path between the second port and the third port
of the circulator 1s unidirectional, and the transmission light
path has an extinction ratio of being =32 dB.

3. The coal mine advanced detection method for the
heading machine according to claim 1, wherein the part of
the sensing optical fiber extruded by the piezoelectric
ceramic 1s a Panda polarization-holding optical fiber, and
other parts are rotating high birefringence optical fibers
isensitive to vibration.

4. The coal mine advanced detection method for the
heading machine according to claim 1, wherein the current
excitation source 1s a direct current constant voltage power
supply having a positive electrode potential of 30 V and a
negative electrode potential of 0 V.

5. The coal mine advanced detection method for the
heading machine according to claim 1, wherein the piezo-
clectric ceramic 1s a polarized barium titanate piezoelectric
ceramic, a polarization direction 1s a direction vertical to a
combination surface of the first piezoelectric ceramic piece
and the second piezoelectric ceramic piece, a certain pre-
stress 1s applied to two end surfaces of the first electrode and
the second electrode of the piezoelectric ceramic.

6. The coal mine advanced detection method for the
heading machine according to claim 1, wherein the transi-
tion resistor has a resistance value of being =500 Ohm.
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